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ABSTRACT

Author: Wenjie, Wu. MS
Institution: Purdue University
Degree Received: August 2018
Title: An Eye-Tracking Study of User Behavior on Reading Scrolling Text
Major Professor: Yingjie Chen
This study investigated the effect of parallax scrolling on users’ reading and scrolling behavior in
text-heavy websites. We designed several text-heavy webpages and applied parallax scrolling
effect. Twenty-five students participated in this study and were assigned to two groups to read
websites with or without parallax scrolling effect in different sequences. We used eye-tracking,
retrospective think aloud, and interview to collect data.

Results showed that people have distinctly different scrolling habits and reading habits which have
a huge influence on how they perceive parallax effect. People who prefer to scroll down a little
and read a few lines of text were more likely to be blind to parallax effect. Also, parallax scrolling
will affect how people scroll and read a website. When there is parallax effect, some people will
scroll faster, stop more sharply, and stop for a longer time.
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CHAPTER 1.

1.1

INTRODUCTION

Statement of the Problem

As an emerging web design technique, parallax scrolling gained popularity in the community of
web designers in recent years. In websites with parallax scrolling, visual elements respond to
scrolling with different speeds (Cooper, Reimann, Cronin, & Noessel, 2014). Web and mobile
interfaces appear to be more lively and attractive by using this technique. Behind the scene is
motion parallax (Gibson, Olum, & Rosenblatt, 1955) that the relative movement of visual elements
happens when the viewpoint of the observer is changing. To be more specific, when people move
in a certain direction in the real world, for example, in a moving car, objects close to people will
move back faster than objects in the distance. Motion parallax provides a reliable and independent
depth cue for human (Rogers & Graham, 1979). Therefore, people tend to perceive objects moving
faster as being closer. By utilizing this perception principle, people can create 3D illusion in 2D
space by applying different velocities to objects based on distance, for example, 2D games (Bone,
2014). Adopted in the domain of Web and mobile interfaces, parallax scrolling technique utilizes
motion parallax on scrolling and touch swipe operations where the movements of onscreen
elements respond to user’s scrolling.

A few studies have been done to evaluate the acceptance and benefit of using parallax scrolling in
web design (Frederick, Mohler, Vorvoreanu, & Glotzbach, 2015; Ku, 2015). They investigated
how people feel about parallax scrolling, and whether parallax scrolling is helpful in metrics like
usability, practicability, enjoyment, fun, satisfaction, visual appealing, and practicability, but they
failed to find any significant benefit except fun. About Face (Cooper et al., 2014) referred to
parallax scrolling as a good example of successful web scrolling techniques that engage users in
the content and functionality as they scroll down a page. An expert of user interface (UI) motion
also claimed that parallax scrolling can focus people’s attention on the primary actions and
contents (Willenskomer, 2017). However, very little existing empirical work has explored its
benefit for guiding people’s attention and improving engagement. Furthermore, most previous
studies were focused on the comparison between websites with and without parallax scrolling
(Frederick et al., 2015; Ku, 2015), while the user experience benefits from parallax scrolling
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largely depends on the quality of the design in addition to just having parallax scrolling equipped.
Therefore, this research aims to explore how parallax scrolling can affect human’s attention and
what the best approach to design user interaction that utilizes parallax scrolling for greater
engagement is.
1.2

Scope

Parallax scrolling were used in many different kinds of websites, such as informational websites
and visual storytelling websites (Ku, 2015). However, it was hardly used in text heavy websites.
In this study, we want to explore the potential of parallax scrolling to help reading, and in the
meantime, study how parallax scrolling can affect human’s attention.

Besides, parallax scrolling is adopted by both desktop and mobile web design. This research will
only focus on desktop, because how parallax scrolling affect people’s reading and attention on
desktop web may be generated to mobile web to some extent. Finally, parallax scrolling can be
vertical as well as horizontal. The horizontal parallax effect is seldom used in informational
websites, so only vertical parallax scrolling will be studied in this research.
1.3

Research Questions

How will vertical parallax scrolling affect people’s reading and attention when browsing text
heavy website on desktop?
1.4

Significance

This research may help web designers to create better scrolling experience with parallax scrolling.
Parallax scrolling is popular in the field of web design. However, using parallax scrolling does not
always have positive effects. Motion can attract attention, but can also distract attention (Tversky,
Morrison, & Betrancourt, 2002). Too many elements moving in different speed at the same time
is often distracting, and users may fail to focus on the primary content. With the evolvement of
parallax scrolling, some designers abandoned the rule of setting the speeds of elements based on
the distance. Without using this rule, some websites with parallax scrolling are engaging, while
some are not. In several cases, the background elements even move faster than the foreground
elements, which may direct people’s attention to the wrong place. This research aims to find some
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rules behind good parallax scrolling designs which can contribute to an engaging scrolling
experience.
1.5

Definitions

Motion Parallax – “The apparent movement of physically stationary objects relative to one another
and to the observer.” (J. J. Gibson, Olum, & Rosenblatt, 1955, p. 372)
Parallax Scrolling – According to Cooper et al. (2014) , parallax scrolling means “Onscreen
elements respond to users’ scrolling at different speeds.” (p. 581)
Staggered Animation – When multiple elements move from one position to another, or transform
from one stage to another, they do not start to move or change at the same time but with an
incremental delay (Chevalier, Dragicevic, & Franconeri, 2014).
Fixations – According to Duchowski (2017), “Fixations are eye movements that stabilize the retina
over a stationary object of interest.” (p. 44)
Areas of Interest (AOI) – Areas of interest are a set of predefined areas to group fixations and
analysis eye tracking data (Duchowski, 2017).
1.6
•

Assumptions

The study assumes that eye movements are linked to attention, which is a common
assumption for most eye-tracking experiments.

•

The study assumes that participants will focus on the task. When their eyes are fixed on
one point, they are reading or thinking about it rather than thinking about other irrelevant
things in mind.

•

All participants are frequent web users.

•

All participants have enough eyesight, with or without glasses, to see the text and images
on the screen clearly at the distance of 15 inches.
1.7

•

Limitations

The relationship between attention and eye movements is not fully discovered and
recognized by scientist in this field. The assumption that eye movement is linked to
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attention is accepted in most eye-tracking experiment, but researchers also acknowledge
that this may not always be true.
•

Eye movements are strongly influenced by the tasks used in the experiment. The task in
this study is designed for common use scenarios of the sample websites. Therefore, the
results will only be applicable for these scenarios.

•

The reliability and accuracy of eye tracking data are limited by the hardware and software
of the eye tracking equipment.

•

The participants will be recruited in the Great Lafayette area, and mostly within the Purdue
campus, which may not represent all web users very well.
1.8

•

Delimitations

The study will be focused on the parallax scrolling of desktop web which mostly use mouse
or touch pad as the input device. The parallax scrolling of websites and applications on
mobile devices, such as mobile phone, tablet, will not be studied.

•

The study of parallax scrolling will be focused on the text-heavy websites with the purpose
of presenting information. The use of parallax scrolling on other kinds of website will not
be studied.

•

This study will be focused on vertical parallax scrolling. Horizontal parallax effects will
not be studied.

•

The study will be only focused on the attention attracting of parallax effect. No other
aspects will be involved such as usability and enjoyment.

•

The study will control the visual elements that affect people’s attention. Only the motion
of the visual elements will be investigated. No other visual elements like color, size, and
numbers of moving elements will be involved.
1.9

Summary

This chapter introduced the background, research questions, the scope, the significance,
assumptions, limitations, as well as delimitations of this research. Next chapter will introduce the
related research of this topic.
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CHAPTER 2.

LITERATURE REVIEW

This chapter will introduce the related work, theory, and research in the field of UI animation,
parallax scrolling, and visual attention.
2.1

Animation on User Interfaces

Along with the development of interaction design, animation has gradually become a standard
element of the user interface (UI) since the beginning of the 1990s (Baecker & Small, 1990; Chang
& Ungar, 1993). Parallax scrolling belongs to UI animations on scrolling. Therefore, principles
and effects of general UI animations are helpful for studying parallax scrolling. This section
introduced a pioneer study in UI animations, different kinds of UI animations, and the effects of
UI animations.
2.1.1

Cartoon Animation

One of the important origins of UI animation is cartoon animation (Chang & Ungar, 1993). In this
influential paper, Chang and Ungar (1993) extended the principles from Disney animation
(Thomas & Johnston, 1995) to user interface, which was widely used by UI designers and
developers later (Thomas & Calder, 2001). The goal of these principles is to make element on the
screen more like a real-world object.

The first principle introduced by Chang and Ungar (1993) is solidity, which requires animation to
endow elements with a sense of tangible and interactive, and the movement should keep up with
the cursor. Motion blur is one of the way to achieve solidity, which requires elements to be
perceived as moving continuously. This technique solved the problem of temporal aliasing, the
effect of persistence of vision, which will break the solidity of an element when its position
suddenly changed. Cartoon animation developed a rule that “If an object move more than half its
size between any two frames, motion blur must be added” (Chang & Ungar, 1993, p. 47). Besides
moving continuously, elements should arrive and leave as real objects. For example, it is better for
an element to grow from small to big or fly in rather than suddenly appear. Similar, elements
should not disappear suddenly.
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The second principle Chang and Ungar (1993) discussed is exaggeration, based on the Disney
principle that “only by exaggeration do cartoons achieve more realism” (Chang & Ungar, 1993,
p.47). One way of exaggerating is anticipation, giving audience a cue of the action to follow. For
example, an element about to move to the right moves slightly left first. Anticipation does not exist
in real world, but it helps to attract users’ attention and make the movement within users’
anticipation. Reinforcement is another way to achieve exaggeration, which include slow in and
slow out, arcs, and follow through. Slow in and slow out enhances the feeling of weight of an
element. A later research (Dragicevic, Bezerianos, Javed, Elmqvist, & Fekete, 2011) dug deeper
into this topic about its effects in object tracking and its perception theory. Another exaggeration
strategy is to use curve paths in movements (principle of arcs). Arcs provides a more pleasant
feeling than linear path. The last sub principle of exaggeration is follow through, which
emphasizing the motion at the end of a movement. This principle is based on the truth that realworld object never stop suddenly. Adding some subtle motion at the end creates an illusion of real
object.
2.1.2

Kinds of UI Animation

Animation used on user interfaces has different purposes and functions, such as advertisement
(Lai, Hui, & Liu, 2007), illustration, tutorial (Bétrancourt & Tversky, 2000; Tversky et al., 2002),
showing system status(Baecker & Small, 1990), animated transitions(Chevalier et al., 2014;
Dragicevic et al., 2011), and for entertainment. For web advertisement, the purpose is to attract
users’ attention and make users remember the product (Lai et al., 2007). The animation for tutorial
and illustration is more close to traditional animation, taking the advantage of animation to present
temporal ideas or dynamic process (Bétrancourt & Tversky, 2000). Showing system status is
another important application of UI animation, such as animation for loading bars, transmitting
files, and waiting system response (Baecker & Small, 1990). Animated transitions on UI are the
animation used to transit an element from one state to another (Chevalier et al., 2014), for example,
a folder transits from closed to opened. There is also animation on user interface mostly for
aesthetic appeal or entertainment, such as the animated logo.
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2.1.3

Perception Theory of Smooth Animation

In the research of Dragicevic, Bezerianos, Javed, Elmqvist, & Fekete (2011), the authors
conducted in-depth studies on the perception base of the temporal aspect of smooth animation.
They said that voluntary eye movement has two ways which are saccadic movement and smooth
pursuit (Lindsey, 2000). People use smooth pursuit when tracking items. There are two important
stages in smooth pursuit that are open-loop and close-loop (Krauzlis & Lisberger, 1994). Openloop takes 100ms for people to notice the movement, and close-loop also takes 100ms for people
to notice the stop. By these theories, Dragicevic, Bezerianos, Javed, Elmqvist, and Fekete (2011)
rationalized the use of slow in and slow out (Chang & Ungar, 1993), which is almost a default
setting of UI animation now. Slow in and slow out uses more frames and longer time at the
beginning and ending of a movement, addressing the perception process, which explained why
people feel more comfortable with slow in and slow out than linear movement.
2.1.4

Positive Effects of UI Animation

Animations on user interface are claimed to improve usability, understandability, and enjoyment
in many studies (Chevalier, Dragicevic, Bezerianos, & Fekete, 2010; Gonzaiez, 1996; Harrison,
Hsieh, Willis, Forlizzi, & Hudson, 2011; Lai et al., 2007; Thomas & Demczuk, 2000). Chevalier,
Dragicevic, Bezerianos, and Fekete (2010) designed and evaluated a new application of using
animated transition on text revision. They proved that animated transitions made it easier for users
to track text change. Gonzaiez (1996) studied the relationship between animation and decision
making. Results showed that smooth animation increased the accuracy of users’ decisions and the
enjoyment of the task. Harrison et al. (2011) designed Kineticons, a sheme of animated icons. A
user study was conducted to exam the effectiveness of different animation strategies of Kineticons,
and the result showed that most strategies clealy explananed the indended meaning. Lai et al.
(2007) summerized from their study on animated website that animation attracts users’ attention,
improve users’ memory of products, and increased the hedonic value. Thomas and Demczuk
(2000) experimented on the wiggle effect and other non-animated effects to improve indirected
manipulation. Results showed that animation can help users to remember the before and after
position of the moving items. To conclude, animations in the interface can help to increase ease of
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use, help users understand the task or system, improve decision making accuracy, attract users’
attention, and make the interface more enjoyable.
2.1.5

Negative Effects of UI Animation

UI Animations can also introduce problems to the interface, such as increasing cognitive load and
being distracting (Tversky et al., 2002). Also, it was mentioned a lot that the usefulness of
animation highly depends on the situation and the design of the animation (Chevalier et al., 2014;
Gonzalez, 1996; Tversky et al., 2002). Animation in wrong situation would not increase the
performance, and animation should be carefully designed for the specific situation, otherwise it
may even harm the usability and understandability of a system. Some effects may have high
aesthetic and hedonic value but have no benefit or even negative effect on the system need to be
carefully considered (Chevalier et al., 2014). Animation largely increases the computational load
and the time to implement them. Therefore, aesthetic and hedonic value, usability, and cost for
developing and computing should be carefully balanced to achieve good results (Tversky et al.,
2002).
2.2
2.2.1

Parallax Scrolling
Motion Parallax

As an well-established concept of perception, motion parallax is the effect that parallax scrolling
utilizes, which is “the apparent movement of physically stationary objects relative to one another
and to the observer” (J. J. Gibson, Olum, & Rosenblatt, 1955, p. 372). For example, when a person
is driving a car in the countryside, the trees nearby move back faster than the mountains in the
distance. Later research proved that motion parallax can be a depth cue for human being (E. J.
Gibson, Gibson, Smith, & Flock, 1959; Rogers & Graham, 1979), which means that the relative
movement is one of the indicators for people to comprehend the 3D world. Rogers and Graham
(1979) even verified that motion parallax is an independent cue for depth. With the solid
foundations of previous research, later animations and games were able to create 3D illusion in 2D
space (Bone, 2014) by applying different speeds to different elements based on distance when the
observer’s viewpoint is moving.
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2.2.2

Parallax Scrolling

Parallax scrolling is a technique that applies different speeds to different onscreen elements in
respond to the scrolling event. A few studies have been done to evaluate this effect in web design.
Frederick et al. (2015) conducted a study of the effects of parallax scrolling on user experience. In
their study, they recruited a large group of participants (N = 86) to interact with two websites, one
with parallax effect and one without. Other elements besides parallax effect were controlled. They
measured user experience in five aspects: usability, satisfaction, enjoyment, fun, and visual appeal.
Participants rated the websites through a 15-item post-test survey, three items for each aspect. The
website they used was a hotel website, and the task was to make a reservation. They found that the
website with the parallax was significantly more fun than the one without, but no other benefit was
detected.

Ku (2015) conducted another two studies on this topic. One study was also a controlled experiment
on websites with or without parallax effect. The difference was that Ku (2015) focused on two
contexts – storytelling and infographics. They also used scales and self-ratings as measures.
Similar to the last study, they also failed to find a significant difference between the websites with
parallax effect and the ones without. The second study was a qualitative interview about whether
the parallax effect was acceptable by users. They handpicked 4 well-designed websites with
parallax scrolling and recruited 16 participants to evaluate those websites. They conducted a semistructured interview with each participant after they finished browsing. Although the scope of this
study was small, they discovered some interesting patterns. Their finding showed that parallax
scrolling was intuitive to the majority and received positive responses from most participants.
Their participants said that parallax scrolling is suitable for presenting information, such as the
promotion page of a product. Their participants also pointed out that the movement can direct
attention and helped them to focus. Besides, they said that parallax effect can create more
interactions and make a website more appealing.

The two studies were both focused on comparison between websites with parallax scrolling and
websites without it. However, whether the overall experience of a website with parallax scrolling
largely depends on the quality of the design of scrolling elements, which is also mentioned by Ku
(2015). Besides, an interesting point was proposed by Ku (2015) that parallax scrolling may direct
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attention. Willenskomer (2017) also included this as one of his 12 principles of UX in motion. He
said that parallax allows users to focus on primary actions and content.
2.3

Visual Attention

This study planned to use eye-tracking as a tool to measure how people browse websites. Therefore,
fundamental literatures of visual attention and eye tracking were inspected.
2.3.1

Visual Attention

Duchowski (2017) concluded that vision may behave in a cyclical process of three stages. The first
stage is capturing a stimulus, which is work of peripheral vision mostly. In this stage, only
interesting features are captured, and the interest depends on the format of the stimulus, individual
preference, and the context. In the next stage, attention is disengaged from the foveal location, the
eyes are also redirected to the next region that attracted attention. In the final stage, the fovea, eyes,
and attention will be in the same place. According to the research of Duchowski (2017), the link
between attention and eye movements has not been fully investigated yet, but in all eye tracking
work, it is acceptable to assume that attention is linked to foveal gaze direction.
2.3.2

Eye tracking

Eye tracking is the most powerful and popular way of measuring visual attention. Eye-tracking is
common used in usability evaluations, in which eye tracking often serves as a secondary technique
to support traditional methods (Goldberg & Wichansky, 2003). They concluded two kinds of eye
movements that are often measured in usability evaluation: saccades and smooth pursuit. Smooth
pursuit referred to tracking moving targets, which is closely related to animation and parallax
scrolling. Duchowski (2017) summarized that among the common usability metrics, the SEE
metrics, which include satisfaction, efficiency, and effectiveness, eye tracking can provide data for
efficiency and effectiveness by numbers of fixations, fixation durations, attentional switching and
scan-path similarity. Some low-level measures are listed in Table 1, provided by Duchowski
(2017). He also referred a method that combines retrospective think-aloud (RTA) method and eye
tracking (Guan, Lee, Cuddihy, & Ramey, 2006). In this research, participants were asked to think
aloud based on screen recording after they finished the tasks, and eye tracking data were used to
prove the validity of RTA.
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Table 2.1 Low-level eye tracking metrics
Fixation
Fixation (gaze) duration
Fixation rate (overall)
Fixation duration mean (overall)
Number of fixations

Scanpaths (fixation sequence)
Area of interest, or AOI
Gaze % (prop. of time) per AOI
Number of fixations per AOI
Gaze duration mean per AOI

2.4

Conclusion

This chapter introduced related work and previous research in the field of UI animation, parallax
scrolling, and eye tracking techniques. As an emerging technique in web design, parallax scrolling
has not been fully studied. Some people mentioned that parallax may attract people’s attention,
and people’s attention can be measured by eye tracking. Therefore, this research aims to use eye
tracking to investigate how people’s attention will be affected by parallax scrolling.
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CHAPTER 3.

3.1

METHODOLOGY

Framework

To measure how people read websites, multiple methods were used. Eye tracking was the primary
method, supported by the retrospective think-aloud (RTA) (Guan et al., 2006), interview, and quiz.
The purpose of using eye tracking technique was to get objective data of people’s visual attention.
Fixation point and areas of interest (AOI) are two common metrics in eye-tracking experiment.
Fixation points are the points people gaze at when browsing a page. They are calculated by velocity
– when the velocity of eye movement is blow a certain threshold, a point is recorded as fixation
point. There are three kinds of fixation point in the raw data provided by Tobii studio, which are
fixations, saccades, and unclassified points. These kinds are classified based on a velocity
threshold (Tobii AB, 2017). AOIs are predefined by researchers in eye-tracking software with the
purpose to inspect fixation points within certain AOIs and the relationships between different AOIs.
In this study, time spend on AOIs was planned to be used to measure if people’s attention were
focused on the main content. However, after the study, it was found that all participants read
through every block of contents in the webpage, and their attention were focused on reading text
no matter the websites had parallax effect or not. Therefore, AOIs were not used in the final
analysis. Instead, several other kinds of data were used to measure individual’s reading habits,
including heatmap, media position, saccadic amplitude, fixation point x and y relative to the screen.
Table 2 shows the all the data used from the eye tracking software, Tobii studio, and the description
of the data.
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Table 3.1 Data from Tobii Studio
Data
Media heatmap
Screen heatmap
Fixation point X
Fixation point Y
Saccadic amplitude

Media Duration

Description
The heatmap relative to the whole web page
The heatmap relative to the whole screen
The X position of gaze event relative to the screen, including all three
kinds of gaze point
The Y position of gaze event relative to the screen, including all three
kinds of gaze point
“Distance in visual degrees between the previous fixation location and
the current fixation location as defined by the fixation filter. ” (Tobii
AB, 2017)
The time participants spent on each webpage.

The data from the retrospective think-aloud session and interviews serve as a support for eye
tracking data. These subjective data are needed to back up eye tracking data, because the
relationship between attention and eye movement has not been fully discovered. Retrospective
think aloud (RTA) is a method developed from basic think-aloud method. Basic think-aloud
method asks people to describe what they are thinking when they perform the task, while RTA
allows participants to do think-aloud looking at the screen recording after the task. Compared with
basic think-aloud, RTA avoid the uncertain effect that think-aloud may have on task performing.
Guan, Lee, Cuddihy, and Ramey (2006) have proved the validity of this method. In this research,
RTA and interview were used to discover the mental activities of participants when they browse
the websites with parallax scrolling, how they fell about parallax scrolling, and whether their
attention is attracted by the scrolling motions. The short interview was originally designed to be
conducted after RTA session to discover more information if participants failed to provide enough
explanation. After a preliminary test, we found that most time in the test participants were reading
text, and there was no need for the think aloud. Therefore, we combined RTA and interview –
asking questions when going through screen recordings together with participants.
The study was designed to test whether parallax scrolling have positive impact on the people’s
reading. The treatment of the control group was a static website, and treatments of experiment
groups is a website with parallax scrolling.
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3.2

Content and Parallax Web Design

The content used to test parallax scrolling was the Family Education Rights and Privacy Act
(FERPA) training at Purdue University. This section will introduce FERPA training, how this
content was designed on webpage, and the principle of parallax effect design in this study.
3.2.1

The Family Education Rights and Privacy Act (FERPA) Training

FERPA is a federal law to protect the privacy of students’ information. To get the FERPA
certification, instructors and teaching assistants (TA) need to read the material provided by the
office of registrar at Purdue University and take a quiz. This certification is valid for one year.
Therefore, instructors and TAs need to complete the training every year. The material provided by
the school is a pdf contains around 3500 words, which is long and dull. The reason why this content
was chosen was because we wanted to see the potential of parallax scrolling to help reading,
making this content less boring.
3.2.2

Parallax Web Design

First, graphic design was applied on this content (Figure 3.1). The content was re-organized, and
the information architecture was reestablished for the website. A common layout for website with
parallax scrolling effect was applied on the web design in this study. Information were divided
into three sections, and each section have several sub-sections. In each sub-section, there are three
different components: titles, text blocks, and an image or a flat rectangle as background. To avoid
visual noise, we kept the design simple, using less pictures and graphic elements.

Second, parallax scrolling effect was added to the elements on the webpage. With increasing usage
of parallax scrolling, many variations of parallax motion effect emerged, including dynamic speed,
direction and visibility. To keep the experiment simple, this study only adopted the basic parallax
scrolling effect, which is applying different vertical speeds on different visual elements based on
scrolling event. When applying different speed on elements, a general rule was followed that make
the title show up first in a moderate speed, and then the main block of information show up a little
bit faster than the title. The background element keeps the original speed. If there was a block of
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information which serve as a note or tip for a sub-section, it would be applied on the fastest speed
in this block.

Figure 3.1 FERPA Web Graphic Design
3.1 Experiment
This section will introduce the recruiting, experiment setting, procedure, and data analysis of this
research.
3.2.3

Recruiting and IRB

Twenty-five participants were recruited through email list, leaflets, and acquaintances. Each
participant received 10 dollars as compensation after the study. Participants were required to be a
senior student or graduate student without teaching assistant experience because of the content in
this study. The participants should not have FERPA training before. The participants were selected
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to do the experiment if they matched the basic criterial, but some results were eliminated if they
are invalid, such as losing eye tracking during the experiment. Also, if a participant could not pass
the calibration process, which means the eye tracker cannot capture his or her eye movement
correctly, the experiment would not start. Personal information asked from participants included
age group, gender, race, and frequency of using the web. All participants were frequent web user.
An Institutional Review Board (IRB) protocol was submitted to the IRB department and was
proved before the experiment. The IRB protocol number is 1801020133.
3.2.4

Environment

The experiment was conducted on a laptop equipped with an eye tracker. The laptop is a 2013
MacBook pro running Windows 8.0 as the second operating system. The eye tracking software,
Tobii pro studio (Tobii AB, 2017), was installed in the Windows system, and were used to capture
eye tracking data and screen recording. The whole experiment was conducted in the Windows
system. The eye tracker was Tobii pro x3-120, which is a 10-inch long bar and will be fixed below
the screen of the laptop. Most studies were conducted in a research lab located in Heavilon Hall of
Purdue University, West Lafayette. Some studies were conducted at KNOY Hall and Purdue
Memorial Union, Purdue University, West Lafayette.
3.2.5

Procedure

The experiment had four sections: a pre-questionnaire, a task section, a post-questionnaire, and a
RTA and interview section. The whole process took about 20 to 35 minutes. Each participant was
assigned a unique 4-digit pin number as their test ID. They used this ID in all the recordings and
questionnaires of this study. The pre-questionnaire asks participants about their basic demographic
information and their experience with web. After the prequestionnaire, participants will be
introduced to the FERPA training and whole process of the experiment. Then the researcher helped
participants to calibrate their eyes to the eye tracker. If a participant’s eyes cannot be corrected
captured by the eye tracker, the experiment would be canceled, but that situation did not happen.

Next, participants were asked to browse three webpages one by one. Each webpage contains a
section of FERPA training (Figure 3.1). The task was to browse and catch key information. There
was a quiz after each webpage with two to three simple questions from the official FERPA quiz.
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To reduce the order effects, participants were divided into two groups. The third section assigned
to group 1 (G1) was a parallax section, and the second section assigned to group 2 (G2) was a
parallax section (Figure 3.2). The sequence of the content kept consistent.

Figure 3.2 Treatment Sequence

After finishing the three webpage and quiz, there was the RTA and interview section. In this
section, participants were asked to watch their screen recording with eye movements and answer
a few questions at the same time. Questions usually included:
1. Did you notice that the section 2 (or 3, based on the group) were different from the other
two sections? What was the difference?
2. How did you feel about the parallax section? Which one do you prefer? Why?
3. Would you read content when you scroll, or you usually stop to read?
4. Questions regarding the screen recording, for example, did you notice that this block moves
up when you scroll to here?
3.3

Summary

This chapter introduced the methodology of this research, including framework, parallax web
design, and the experiment procedure. Data and metrics were adjusted based on the data.
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CHAPTER 4.

RESULTS AND DATA ANALYSIS

This section will explain the results of this study. The analysis of the data was conducted in a
ground-up way, because we failed to find an appropriate analysis framework in the literature
review. In total, twenty-five students participated in the study. One of them, participant 9873, had
previous experience of FERPA test, and her scrolling habit was too different from other
participants. Therefore, her data was eliminated. Also, the eye-tracking of some sections of a few
participants were lost because of the eye-tracker’s problem or the browser’s problem. These data
were also eliminated.
4.1
4.1.1

Eye-Tracking Data Analysis

Heatmaps and Eye Movements Distribution

To study the eye movement behaviors, heatmaps and fixation position data were analyzed. Figure
4.1 and Figure 4.2 are the heap-maps exported from Tobii studio. Figure 4.1 shows the distribution
of eye movements relative to the web page, and Figure 4.2 shows the distribution of eye
movements relative to the screen. No significant difference can be found between the heatmaps of
parallax and static sections. However, it was clear that each participant had their own reading habit,
and most participants kept consistent reading patterns through all three sections (Figure 4.1B). For
example, participant 1208 strongly preferred to look at the center part of the screen, while
participant 0776’s eye movements were more scattered (Figure 4.1B). Participants who strongly
prefer to look at on the center part of the screen also include 6821, 8777, 2953, and 4250.
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A) Heatmaps of section 2. G1 means group 1, and G2 means group 2.

B) Heatmaps of section 3

Figure 4.1 Heatmaps relative to the webpage
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A) Comparing heatmaps relative to the screen between different treatments

B) Comparing heatmaps relative to the screen between different individuals. S1 means section 1,
S2 means section 2, and S3 means section 3.

Figure 4.2 Screen heatmap individual pattern
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Beside heat maps, the standard deviation of the vertical position of all gaze points relative to the
screen and the average saccadic amplitude of all fixations (Table 4.1 and Table 4.2) were also be
analyzed to inspect the pattern of eye movements. There was no significant difference between the
two groups from t test (Table 4.3). As for saccadic amplitude, we also found consistency in single
behaviors rather than consistency in the same treatment. For example, participant 6821 always
have a relatively small amplitude through all three sections, which is around 2.4, and participant
4064 always have a relatively large amplitude, which is around 3.6.

Table 4.1 Standard diviation of vertical position of gaze points and average saccaddic amplitude
of fixations (Group 1)
PIN (G1)
0776
1414
3532
4064
4302
4626
6410
6821
7479
8777
Mean
Std

StdY-1
140.6
139.7
141.3
143.1
137.2
93.3
140.2
122.1
162.6
105.7
132.6
20.147

StdY-2
135.9
106.7
120.0
124.7
108.0
94.7
121.7
104.2
115.9
111.8
114.4
11.819

StdY-3
140.8
117.5
216.4
144.9
117.6
142.1
106.5
105.1
128.1
127.7
134.7
32.023

SA-1
3.46
4.21
2.80
3.64
3.53
2.85
3.52
2.40
3.60
2.51
3.3
0.580

SA-2
3.39
3.56
2.90
3.64
3.86
2.53
3.67
2.38
3.44
2.86
3.2
0.514

SA-3
3.31
3.67
2.60
3.60
3.80
2.40
2.98
2.48
3.49
2.49
3.1
0.553

Table 4.2 Standard diviation of vertical position of gaze points and average saccaddic amplitude
of fixations (Group 2)
PIN (G2)
0020
0674
1208
2292
2953
5287
5612
6425
8886
Mean
Std

StdY-1
132.7
148.7
93.2
141.4
94.3
135.5
154.2
140.5
119.5
128.9
22.197

StdY-2
132.2
133.7
84.8
116.8
86.6
98.3
96.6
134.4
118.7
111.3
20.163

StdY-3
123.4
131.4
101.5
112.7
115.4
130.5
104.9
125.8
118.2
11.365

SA-1
2.98
4.29
2.79
2.85
2.56
3.78
2.87
3.04
2.87
3.1
0.553

SA-2
3.23
3.54
2.73
2.91
2.67
3.90
2.94
3.25
2.77
3.1
0.412

SA-3
2.35
3.77
2.62
2.89
2.60
3.75
2.70
2.82
2.9
0.533
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Table 4.3 One-tail t test of the two groups's data in Table 4.1 and Table 4.2
P-value

StdY-1

StdY-2

StdY-3

SA-1

SA-2

SA-3

0.354

0.346

0.093

0.301

0.292

0.288

4.1.2

Reading Speed and Fixations

Table 4.4 and Table 4.5listed the time, the fixation counts and the saccade points counts of each
section and each participant. Table 4.6 shows the p-value of the t test for each corresponding
column of the two groups. There is no significant difference except that the time group 2 spend on
section 1 is significantly longer group 1. Section 1 were static for both group 1 and group 2,
therefore the difference in reading time only indicated that the two groups of participants have
different reading speed.

Table 4.4 Reading time and fixation data (Group 1)
PIN
(G1)

Time-1

Time-2

Time-3

Fixation
counts-1

Fixation
counts-2

Fixation
counts-3

Saccade
counts- 1

Saccade
counts- 2

Saccade
counts- 3

0776

77.1

60.5

156.7

296

262

582

496

435

1011

1414

66.9

87.3

128.5

260

315

458

379

451

805

3532

204.8

122.9

778.7

891

1721

2058

1253

2609

4864

4064

74.9

175.4

273.6

384

650

935

346

797

1250

4302

137.3

236.6

265.1

456

661

778

887

2335

2775

4626

135.4

292.6

387.6

532

1062

1170

1087

2819

4300

6410

81.6

163.2

252.8

303

587

866

396

950

1298

6821

179.4

289.5

418.7

684

1049

1492

998

1419

2114

7479

81.6

143.3

178.9

351

589

692

395

742

984

8777

92.8

113.9

198.9

308

401

627

999

1291

2322

Mean
Std

113.18
48.504

168.52
80.766

303.95
191.40

446.5
203.202

729.7
440.334

965.8
489.055

723.6
352.545

1384.8
893.824

2172.3
1430.09
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Table 4.5 Reading time and fixation data (Group 2)
PIN
(G2)

Time-1

Time-2

Time-3

Fixation
counts-1

Fixation
counts-2

Fixation
counts-3

Saccade
counts- 1

Saccade
counts- 2

Saccade
counts- 3

0020

110.5

144.6

156.4

416

576

581

558

850

1003

0674

190.4

169.5

340.9

608

572

977

1256

1120

2916

1208

200.4

335.5

428.1

751

1204

1482

1565

2671

4010

2292

121.9

170.3

211.4

458

682

805

683

975

1416

2953

139.6

272.9

355.6

449

888

1123

467

919

1163

5287

125.2

207

248.6

531

863

1014

782

1355

1536

5612

253.2

227.5

292.4

910

838

1086

1182

1019

1574

6425

160.8

222.8

558

765

1457

2179

8886

160.4

252.6

215.7

553

858

765

967

1611

1739

Mean

162.489

222.522

281.137

581.555

805.111

979.125

990.777

1411

1919.62

Std

45.713

59.248

89.924

158.689

192.617

272.789

395.999

633.027

1023.16

Table 4.6 One-tail t-test of the data in Table 4.4 and Table 4.5

Pvalue

Time-1

Time-2

Time-3

Fixation
counts-1

Fixation
counts-2

Fixation
counts-3

Saccade
counts-1

Saccade
counts-2

Saccade
counts-3

0.0181

0.0591

0.3804

0.0639

0.3209

0.4730

0.0690

0.4714

0.3400

4.1.3

Scrolling Habits

Figure 4.3 Scrolling behavior graph of participant 6410

Through on-site observation and eye-tracking recording, we found that different participants had
different scrolling behavior. Figure 4.3 is an example of scrolling behavior graph visualized from
the data provided by Tobii studio. The y axis is the vertical offset of the web page in pixels, and
the x axis is the time in milliseconds. This graph is a scatter plot, with a short line for each data
point. Because the data is very dense, around every nine milliseconds, the scatter plot looks like a
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line graph. When the scrolling speed becomes faster, the slope will be larger and the short lines
will be sparser. The three segments in the graph are the three sections. 23 of the 25 participants’
scrolling data were analyzed. Participant 5589’s data were missed because the eye tracker lost its
connection in the middle of section 1. Participant 9873’s data were eliminated because she dragged
the scrolling bar instead of using mouse wheel to scroll, which was too different from other
participants. Also, she had experience with the content. Combining notes from onsite observation
and eye-tracking screen recording, several patterns were found.

First, there are two kinds of scrolling habits for relatively long distance scrolling: smooth scrolling
and quick steps scrolling. Smooth scrolling is the behavior that when the participant scroll from
one position to the next, they scroll smoothly with a moderate speed, and usually slow down to
stop. Figure 4.4 A) shows the typical pattern of smooth scrolling. The scattered lines are mostly
connected, which means the speed is moderate. Also, at the end of each scroll, the corner is
rounded, which means the participant slow down to stop. Figure 4.4 B) shows the typical pattern
of quick steps scrolling. As we can see, the short lines between two horizontal lines are sparse,
which means that the participant scrolled very fast between the two positions. Also, there is several
thick lines in between, which indicates that the participant did not achieve his target position by
one step, but by several steps. In the 23 participants, seven of them had a strong tendency of smooth
scrolling -- almost all their scrolling actions were smooth; other seven of them usually scrolled in
quick steps. The rest nine participants did not have a strong tendency. Most of them sometimes
scrolled smoothly, sometimes in quick steps (Figure 4.5).
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A) Smooth scrolling pattern

B) Quick step scrolling pattern

Figure 4.4 Smooth scrolling pattern and quick step pattern
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Figure 4.5 A participants with inconsistent behavior

Second, another clear pattern was that some participants preferred to scroll down a little and read
a few lines, while some preferred to stop scrolling and read a whole block of content before moving
on to next block. The left graph of Figure 4.6 shows the typical example of the former pattern, and
the right one shows the example of the latter pattern. In the left graph, it was found that the stairs
are short, and the stops are also short, which indicates that the participant often scrolled a little and
stopped to read a few lines. Buscher, Biedert, Heinesch, and Dengel (2010) found a similar pattern
in their study. In comparison, the participant in the right graph often usually scrolled longer and
stopped for longer time. There were nine participants who had a strong pattern of the left one, and
other nine had strong pattern of the right one. The rest participants had a mixed pattern. Another
similar pattern was also found in both observation and scrolling behavior graph. Eleven
participants usually started to scroll before they finish reading a block of text. During that period,
they were reading the text and at the same time scrolling.
Third, ten participants’ scrolling behavior in parallax section was clearly different from their
scrolling behavior in static section. Five of them were from group 1, and five were from group 2,
which indicates that the difference was not because of the difference of the content. It was found
that these participants tend to scroll faster, stop shorter, and stay at a position for longer time. It

27
may suggest that parallax scrolling make content harder to read when people scroll. Figure 4.7
shows the scrolling speed graphs of one example each group. From the graph, we can see that there
is more stair-like shape in the parallax section than in the static section, and the stairs in the parallax
section are sharper than stairs in the static section, which means the scrolling events are faster and
stop shorter.

Figure 4.6 Pattern scrolling down a little and then read a few lines (left) and pattern reading
content by blocks (right)

Figure 4.7 Parallax scrolling's influence on scrolling behavior
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4.2

Interview Data Analysis

Twenty-four participants’ interview data were summarized in this section. Participant 9873’s data
were not included as she used scrolling bar instead of mouse wheel to scroll the page, which was
different from all other participants. The results were grouped by positive feedbacks, negative
feedbacks, neutral feedbacks, and other information regarding scrolling and reading.
4.2.1

Positive Feedbacks about Parallax Scrolling

Four out of 24 participants had positive attitudes toward parallax scrolling. Participant 6410 said
that the content was dull, but parallax kept her attention, guided her, and helped her read faster.
Similarly, participant 1276 mentioned that parallax guided him, and he was attracted by parallax
elements, however, it disappointed him when he saw the elements were large blocks of text.
Participant 8886 said that parallax was fun and attractive. Participant 9873 mentioned that parallax
is aesthetically pleasing.
4.2.2

Negative Feedbacks about Parallax Scrolling

Nine out of 24 participants had a negative attitude towards parallax scrolling. Three of them, 2292,
4064, and 4302, mentioned that parallax was distracting. Besides, participants 4064 also said that
parallax effect looked weird, and she had never saw that kind of website before. Participants 0020
had a strong opinion against parallax, and he said that moving elements were annoying.
Participants 0776 said that moving elements made her feel like the page was much longer.
Participants 5883 felt that parallax made her feel dizzy, she believed it would be better to be used
on more graphic elements. Participant 4250 mentioned that it was hard for him to read when the
title was moving. Participant 5589 also said that parallax made the content harder to read.
Participant 5287 said that the motion did not contain any extra information. Parallax effect was
noise for her.
4.2.3

Neutral Feedbacks

The other 12 participants held a neutral attitude toward parallax scrolling. There were four
participants that even did not notice the parallax effect at all. Two of them were from group 1 and
two of them from group 2. There were also four participants who did notice parallax effect, but
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felt that the effect was negligible. When I asked them if they felt that the section with parallax
effect was different, they could not remember, but when I reminded them that if the elements on
the screen was moving, they confirmed it. They said that there was no much difference for them
to read the content with or without parallax effect. One of them, 1208, mentioned that a small
block moving fast would interrupt his reading. Other participants who did notice parallax effect
also held a neutral attitude toward parallax: parallax effect did not make much difference for them.
Participant 6425 said that “they are just different”. Participant 7479 mentioned that parallax effect
was fun, but that did not make a difference for her. Participant 7384 said that parallax effect just
looked good, but it would be better to be used on graphic elements. Three out of the 12 participants
who did not notice parallax effect or feel that the effect was not obvious mentioned that they were
focused on the text, therefore they did not notice the movements.
4.2.4

Scroll, Reading, and Parallax Effect

When being asked whether they would read text when scrolling the page or stop to read, most of
them said that they stop to read. Only four participants mentioned that they would read large titles
or highlighted text when scrolling. However, after examining eye-tracking recordings, we found
that many participants read text when scrolling slow, usually at the beginning or the end of reading
a block. Also, many participants read titles when they were scrolling.
4.3
4.3.1

Pattern Analysis

Scrolling Behavior’s influence on the Visibility of Parallax Effect

In the interview, we found that four of the participants did not notice the parallax effect at all, four
of them noticed the parallax effect but felt that the effect was negligible, and the rest 16 confirmed
that they noticed the parallax effect and it was different for them. Based on the data and patterns
we found in the previous sections, we proposed several hypotheses:
1. Participants who prefer to scroll down a little and read several lines are more likely to be
blind to the parallax effect.
2. Participants who prefer to start to scroll before they finish reading a block are more likely
to be blind to the parallax effect.
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3. Participants who prefer to scroll by quick steps are more likely to be blind to the parallax
effect.
4. Participants who prefer to focus their eyes on a middle or top half of the screen are more
likely to be blind to the parallax effect.
5. Participants who have different scrolling behaviors in parallax section and static section
did notice the parallax effect.

To test these hypotheses, we coded the data from multiple sources based on the patterns in these
hypotheses. These patterns were named P1 to P5 in the Table 4.7 and Table 4.8. For each pattern,
participants were categorized by whether they had a strong sign of this pattern or not. If a
participant did not notice the parallax effect or felt that it’s negligible, the participants would be
marked as 1, otherwise, the participant will be marked as 0 (Table 4.7). R1 in Table 4.7 represents
the results of whether the parallax effect was conspicuous to them or not. “1” means the participant
did not notice parallax effect at all or the participant felt that it was negligible. “0” means the
parallax effect was conspicuous to the participant. Z-test on the proportion of R1 = 1 were applied
to the five pattern (Table 4.8). P1 to P4 were tested whether participants with the pattern have a
higher proportion for the blindness of parallax effect than participants without the pattern. P5 were
tested whether participants with the pattern have a lower proportion for the blindness of parallax
effect than participants without the pattern.
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Table 4.7 Pattern and result coding
PIN
0020
0674
0776
1208
1276
1414
2292
2953
3532
4064
4250
4302
4626
5287
5612
5883
6410
6425
6821
7384
7479
8777
8886

P1
0
0
0
1
1
0
0
1
0
0
0
1
1
1
0
0
0
0
1
0
1
1
0

P2
0
0
0
1
1
0
0
1
0
0
0
1
1
1
1
1
1
1
0
0
1
0
0

P3
0
1
0
1
1
0
0
0
0
0
0
0
1
0
0
0
0
0
1
0
0
1
1

P4
0
0
0
1
0
0
0
1
0
0
1
0
1
1
0
0
0
0
1
0
0
1
0

P5
1
0
0
0
0
1
1
0
0
0
0
0
1
1
1
1
1
0
0
1
1
0
0

R1
0
1
0
1
0
0
0
1
1
0
0
1
0
0
0
0
0
1
1
0
1
0
0

Table 4.8 Significant test on proportion of R1
p(Pn-1)
n(Pn-1)
p(Pn-0)
n(Pn-0)
p(total)
P-value

P1
0.5556
9
0.2143
14
0.3478
0.0465

P2
0.4545
11
0.2500
12
0.3478
0.1515

P3
0.4286
7
0.3125
16
0.3478
0.2946

P4
0.4286
7
0.3125
16
0.3478
0.2946

P5
0.1
10
0.5385
13
0.3478
0.0143

Results proved that participants with P1 has a significantly (P-value = 0.0465) higher possibility
to ignore the parallax effect than participants without P1, which means that people who usually
scroll down a little and read a few lines are less likely to feel the existence of parallax effect. Result
also shows that participants with P5 has a significantly (P-value = 0.0143) lower possibility to
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ignore the parallax effect than participants without P5, which confirms that participants who
showed a different scrolling behavior in parallax section and static section indeed noticed the
parallax effect. More specifically, nine out of the ten participants who had an inconsistent scrolling
behavior are belong to the 16 participants who strongly confirmed that they saw parallax effect.
One of the ten belong to the four participants who felt that the parallax effect was negligible.
Results for the other hypotheses were not significant.
4.3.2

Parallax Scrolling’s Influence on Scrolling Behavior

In the scrolling behavior analysis (4.1.3), we found that there were 10 participants who had
different scrolling behavior in parallax section and static section. Data shows that the 10
participants usually read faster than other participants, which may explain why parallax have a
larger effect on them. Five of them prefer static, and two prefer parallax. The other three hold a
neutral attitude. Six of them had the pattern of started to scroll before they finished reading a block.
Only one of them had the pattern of continuous scrolling and reading.
4.4

Conclusion

Data from multiple sources were analyzed in this section. The most significant results were: first,
ten participants’ scrolling behavior were different in parallax section and static section. In the
parallax section, they tended to scroll faster, stop more sharply, and stop for a longer time; second,
participants who prefer to scroll down a little and read a few lines of text were more likely to be
blind to parallax effect. Other findings include most participants prefer to look at the middle or top
half of the screen, participants may not notice the parallax effect if they were too focused on text.
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CHAPTER 5.

DISCUSSION AND FUTURE WORKS

5.1
5.1.1

Conclusion and Discussion

Parallax Scrolling and Text Heavy Website

From the interview of this study, we found that there are much more people who dislike parallax
effect than people who like it, which suggest that it would be safer not to use parallax effect in
similar situations. In this study, the task was to browse the content and pay attention to the key
information. Participants were mostly focused on reading text or searching for information. In this
context, visual hierarchy and proper highlights may be more helpful. Motion can also be used to
highlight information, but our results suggest that people cannot read long text when it is moving.
Therefore, if we want to use motion or parallax effect to highlight text information, it is better to
be applied on short text like title.
5.1.2

Reading Behaviors’ Influence on the Perception of Parallax Scrolling

The most interesting findings in this study were people’s different scrolling habits, and their
influent on how parallax effect was perceived. We found that if a participant usually scroll down
a little and read several lines, the participants are more likely to be blind to parallax effect. The
reasons behind might be that they were focused on reading when they scroll, or that the usually
scroll down for a relatively short distance, therefore the parallax effect was too slight. We also
have other hypotheses of the patterns leading to the blindness of parallax effect. However, none of
them were proved significant.
5.1.3

The Influence of Parallax Scrolling on the Scrolling Behavior

We also found that ten participants have distinctly different scrolling behavior in parallax section
compare to static sections. Also, the ten participants said that they noticed the parallax effect,
which confirmed that their different behavior was not unconscious. Especially for participant 0020,
his scrolling behavior was super smooth in the static section, while in the parallax section, his
scrolling patterns were sharp. In his media heatmap, the difference was also clear. There were no
red or orange area in the heatmap of the parallax section, while his heatmaps in static sections have
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green, yellow, orange, and read areas, which may suggest that 0020 was reluctant to read text in
parallax sections. He also said that the parallax effect was annoying to him. To conclude, parallax
scrolling with change the scrolling behavior from smooth to sharp for the people who did notice
it, but whether it can help reading varies from people to people.
5.1.4

The Distribution of Eye movements on the Screen

In the media heatmaps, it is found that most participants spend more time on the middle to upper
part of the screen. This finding may provide some guidance for web designers when they design
parallax motion. When a user’s attention was highly focused on the upper part of the screen, slight
movement at the bottom of the screen may not be able to attract users.
5.1.5

Limitations of the Data Analysis

This study adopted a ground-up analysis method. Most results were based on patterns, and whether
a participant showed a pattern was depend on the researcher’s own judgement. The patterns were
coded multiple times based on repeated inspection on eye-tracking recording, scrolling behavior
graph, notes from on-site observations, and notes form interviews. The statistics results may be
slightly different if the coding process was executed by another researcher.
5.2

Future Works

First, this study was focused on the text-heavy website. The large part of participants’ eye
movements was reading. How would the scrolling habit and eye movements be different for
websites with less text and more graphics could be investigated. Also, the layout may have a huge
impact on how participants scroll and stop. It is also interesting to see if a person would change
his scrolling habit if the layout is difference, and what kind of layout would help the parallax
scrolling be more effective or even avoid its disadvantages, like distracting.

In this study, it is found that traditional eye tracking metrics failed to measure the slight difference
between static website and parallax website. However, most participants did notice the difference
between the two kinds. Previous work (Frederick et al., 2015; Ku, 2015) used subjective evaluation
to measure the difference, which was too rough and also failed to find much significant difference.
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Therefore, to measure the difference more precisely, new methods and data metrics needs to be
discovered.

APPENDIX

SCROLLING BEHAVIOR GRAPHS

Appendix Figure 1 Scrolling Behavior Graph of Participant 0076
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Appendix Figure 2 Scrolling Behavior Graph of Participant 1276

Appendix Figure 3 Scrolling Behavior Graph of Participant 1414
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Appendix Figure 4 Scrolling Behavior Graph of Participant 3532 section 1
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Appendix Figure 5 Scrolling Behavior Graph of Participant 3532 section 2

Appendix Figure 6 Scrolling Behavior Graph of Participant 3532 section 3

Appendix Figure 7 Scrolling Behavior Graph of Participant 4064
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Appendix Figure 8 Scrolling Behavior Graph of Participant 4302

Appendix Figure 9 Scrolling Behavior Graph of Participant 4626

Appendix Figure 10 Scrolling Behavior Graph of Participant 5883
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Appendix Figure 11 Scrolling Behavior Graph of Participant 6410

Appendix Figure 11 Scrolling Behavior Graph of Participant 6410

Appendix Figure 11 Scrolling Behavior Graph of Participant 6410
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Appendix Figure 14 Scrolling Behavior Graph of Participant 8777

Appendix Figure 15 Scrolling Behavior Graph of Participant 0220
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Appendix Figure 16 Scrolling Behavior Graph of Participant 0674

Appendix Figure 17 Scrolling Behavior Graph of Participant 1208

Appendix Figure 18 Scrolling Behavior Graph of Participant 1276
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Appendix Figure 19 Scrolling Behavior Graph of Participant 2292

Appendix Figure 20 Scrolling Behavior Graph of Participant 2953

Appendix Figure 21 Scrolling Behavior Graph of Participant 4250
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Appendix Figure 22 Scrolling Behavior Graph of Participant 5287

Appendix Figure 23 Scrolling Behavior Graph of Participant 5612
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Appendix Figure 24 Scrolling Behavior Graph of Participant 6425

Appendix Figure 25 Scrolling Behavior Graph of Participant 7384

Appendix Figure 26 Scrolling Behavior Graph of Participant 8886
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